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Abstract 
Multi-functional polymer nanoparticles have attracted the interest of many research 
groups and have been utilized in an increasing number of fields during the last decades. 
Especially in recent years, multi-functional polymers such as drug carrier play very 
important roles in treating cancer and other tough diseases. People have developed 
many methods to treat cancer, operation excision, chemotherapy, radiotherapy are the 
main traditional treatments. Nowdays, photodynamic therapy and hyperthermia have 
captured people’s special attention because of their high safety, minimally invasive 
treatment and so on. By further study of organelle, cell activities and signal pathway, we 
use poly[styrene-alter-(maleic acid)]s and polypyrrole nanoparticles to study their 
anti-tumor applications. This work is mainly divided into two parts. 
First part of this work is about a targetable nanogenerator of nitric oxide for 
molecular light triggered cytotoxicity. poly[styrene-alter-(maleic acid)]s have good 
biocompatibility and are very simple to be functionalized which could perfectly be the 
main polymer chain. After modification with mannose (lectin targeting) and TFNA (a 
photo-responsive nitric oxide releasing molecular), polymer nanoparticles could target 
and kill lectin-expressing cells or bacteria selectively by luminol-derived 
chemiluminescence. What’s more, this stable and controllable NO releasing system may 
act as an important role in studying function and pathway inside the cell. 
The other part of this work is based on polypyrrole nanoparticles with photothermal 
property. We wrapped polypyrrole with SiO2 and then modified with pH-responsive 
rhodamine-deoxylactam and biocompatible PEG. This multifunctional polymer 
nanoparticles could be used for fluorescence-guided intraoperative tumor detection by 
lysosomal acidity dependent fluorescence-on of rhodamine-deoxylactam, near-infrared 
irradiation induced killing of tumors and real-time monitoring cell death by 
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  This work provides new tumor imaging and therapeutic methods based on 
intracellular organelles. They combine bio-friendly, low-cost polymers with functional 
small molecules to image, treat tumor cells and study the intracellular signaling. 
 
























图 1.1 （A） 氧杂蒽母体结构；（B） 罗丹明类荧光分子结构 
Figure 1.1 Structure of (A) xanthene and (B) rhodamine 
  根据罗丹明母体上 R1、R2、R3、G 等取代基的不同将罗丹明类荧光分子进行分
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红移、光稳定性好、荧光量子产率高的罗丹明衍生物。 
  罗丹明类荧光分子的应用十分广泛，被人们熟知的就有罗丹明 B、罗丹明 6G、




  Young-Keun Yang 等人在罗丹明 6G 的基础上设计合成了特异性检测汞离子的探
针，原理如图 1.2 所示。首先合成闭环结构没有荧光的 R6G 衍生物 1，当有汞离子
存在下，金属离子就会与化合物 1 上的氧和硫原子配位形成化合物 2，由于汞与硫
的作用更强，因此会进一步脱硫成环最终形成化合物 4，R6G 的罗环结构打开发出
很强的荧光，从而可以实现对汞离子的特异性检测。此外，该检测物的水溶性好，
能够避开其他物质的干扰，最终的检测限能够达到 2 ppb[8]。 
 
图 1.2 汞离子介导的荧光分子开环和环化原理 
Figure 1.2 Hg
2+
-Induced Ring Opening and Cyclization 
  光致变色材料在光电学、分子开关、信号存储等领域的研究越来越受到人们的
关注。最近，Kai Li 等人合成了基于罗丹明 B 的光致变色衍生物，与锌离子结合
后能够在紫外光照下开环发出很强的荧光，再次放置在暗处后，又会回到原来没
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图 1.3 光致发光原理 
Figure 1.3 Mechanism for color change of RB-derivative upon UV irradiation 
  通过进一步的对罗丹明母体改造和修饰可以得到不同激发和发射波长的衍生物，
其中发射波长在红外光区的化合物还可以用来在生物体内进行成像，扩大了这类
化合的运用范围。Yuichiro Koide 等人设计合成了 MMSiR 化合物，如图 1.4 所示，
它能够有效的对次氯酸进行灵敏检测[10]。 
 
图 1.4 MMSiR 的结构及检测次氯酸的原理 
Figure 1.4 Structure of MMSiR and mechanism for HOCl detection 
在细胞自吞噬过程中会产生大量的次氯酸，因此该探针还可以用来监测细胞自
吞噬过程，为相关生命过程的研究提供了十分有利的手段。中性粒细胞吞噬酵母
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图 1.5 MMSiR 对猪中性粒细胞吞噬酵母聚糖过程中产生的次氯酸成像图 
Figure 1.5 Fluoresence microscopic imaging of phagocytosis of opsonized zymosan by 
1 μM MMSiR-loaded porcine neutrophil 
  Yuichiro Koide 等人将这类衍生物连接上了活性基团，将其运用到小鼠肿瘤成像
的研究中[12]，如图 1.6 所示。 
 
图 1.6 分子结构及小鼠肿瘤成像图 
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